Abstract: Aerobic rice system is the method of cultivation, where the rice crop is established by direct seeding in un-puddle field. The grain yield of aerobic rice in aerobic situation realized by the farmers is still lower. Among many factors, seed rate and row spacing influence the grain yield of aerobic rice crop. The present investigation was carried out to study the influence of seed rates and row spacing on grain yield of aerobic rice in aerobic situation, and field experiment was conducted at Rice Research Station, Bankura, West Bengal, India during kharif season of 2011 and 2012. The experimental results exhibited that the highest grain yield (3.40, 3.49 and 3.42 t ha -1 during kharif 2011, kharif 2012 and in pooled value, respectively) was recorded from treatment S 2 , where seed rate was 30 kg ha -1 . Among the different row spacing, the maximum grain yield of 3.47, 3.45 and 3.46 t ha -1 during kharif season of 2011 and 2012 and on pooled basis was obtained with the treatment R 1 i.e. 20 cm row spacing. The treatment combination of S 2 (seed rate @ 30 kg ha -1 ) and R 1 (20 cm row spacing) recorded the highest grain yield (4.01 t ha -1 ) of aerobic rice. It was established that the seed rate @ 30 kg ha -1 and 20 cm row spacing was promising for realizing best grain yield of aerobic rice in aerobic condition. It is an important eco-safety tool for tackling the climate change scenario.
INTRODUCTION
Rice (Oryza sativa L.) is an important cereal crop and grown across the world. It is a staple food of more than 60% of World's population and provides more calories per hectare than any other crop (Faisul-ur-Rasool et al., 2013) . By the end of 21 st Century, the earth's climate is predicted to warm by an average of 2-4 0 C (IPCC, 2007) due to anthropogenic and natural factors (Eitzinger et al., 2010) . Rice cultivation is a water intensive enterprise. However, lowland rice fields have relatively high water requirements and their sustainability is threatened by increasing water shortages (Bouman and Tuong, 2001) . Rice consumes more than 50% of the water used for irrigation in Asia (Barker et al., 1999) . Aerobic rice system is the method of cultivation, where the rice crop is established by direct seeding (dry or water-soaked seed) in un-puddle field and non-flooded field condition (Jana, 2012a) . The usual way of planting aerobic rice is the same as we would plant the other cereal crops like wheat, oats or maize by direct seeding. There is no need of raising of seedling in nursery bed and puddle operation in the main field (Jana, 2012b) . Compared with flooded lowland rice, aerobic rice requires 30-50% less water (Bouman et al., 2005) . Supplementary irrigation is applied in aerobic rice system of cultivation as and , 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.jans.ansfoundation.org when required and can be supplied in the same way as to any upland cereals crops like maize, wheat (Bouman et al., 2005; Wang et al., 2002) . Aerobic rice system in un-puddled situation during boro season by using short duration rice varieties is possible through good agronomic management practices and it is the rice for future (Jana, 2013) . Hence, shifting gradually from traditional rice production system to growing rice in aerobic condition especially in upland and mid-upland situation during kharif season can mitigate the problem. The grain yield levels realized by the farmers under upland situations are still lower. Among many factors, method of sowing, seed rate (Kathiresan and Manoharan, 2002) influence the crop yield level greatly under upland situations. Like fertilizers, seed is also costly input. The quantity of seed is therefore required to be used judiciously particularly in view of the fact that the farmers in rainfed areas are generally poor. Special attention should be given for increasing the yield per unit area by applying improved technology and management practices (Mankotia et al., 2005) . Among the cultural technologies, planting density is one of the important components, manipulation of which is an essence for optimizing yield (Faisul-ur-Rasool et al., 2013) . Information of optimum seed rates with varying levels of row spacing for maximizing grain yield of aerobic rice under aerobic situation are scanty (Jana, 2013) and sufficient information regarding their optimum planting density under different agro-climatic condition of West Bengal have not been generated so far. Therefore, an attempt was made for achieving maximum production of grain yield of aerobic rice in aerobic situation during kharif season under changed climate. Therefore, present investigation was carried out with a view to develop a package involving optimization of seed rate i.e. seed requirement and proper row spacing for the overall improvement of productivity of rainfed upland aerobic rice.
MATERIALS AND METHODS
The research-based information on the seed rate and row spacing of aerobic rice system is very meagre. So, on the basis of this fact, a field experiment on 'Grain yield of aerobic rice as influenced by seed rate and row spacing in aerobic situation under changed climate' was conducted during kharif season of 2011 and 2012 at Rice Research Station, Bankura, West Bengal, India on sandy loam soil. This experiment was laid out in split plot design in three replications with three levels of seed rates (S 1 -25, S 2 -30 and S 3 -35 kg ha -1 ) randomly allotted in the three main plots; while three different row spacing (row to row distance: R 1 -20, R 2 -25 and R 3 -30 cm) were randomly allotted in the three sub plots of each main plot. The plot size was 5m X 4m. The rice variety was Kshitish (IET 4094 
RESULTS AND DISCUSSION
Seed rate and row spacing as well as planting density are one of the most important factors that determine the grain yields of aerobic rice. The growth, development and grain yield of rice are greatly influenced by the row spacing under field conditions as reported by Jalil, 2008 . There was a remarkable difference in respect of yield and yield contributing characters of aerobic rice due to seed rate and row spacing. Table 1 ). The result is in agreement with the findings of Mankotia et al., 2005 and they reported that optimization of seed rate is most important factor for the overall improvement of productivity of rainfed upland rice. On the other hand, among the row spacing treatments, the treatment R 1 i.e. 20 cm row spacing recorded significantly more number of matured panicles m -2 (420) in pooled value (Table 1 ). This might due to an optimum plant population, was obtained in respective plots with special reference to row spacing (20 cm). The treatment combination of S 2 (seed rate @ 30 kg ha -1 ) and R 1 (20 cm row spacing) recorded the highest number of matured panicles m -2 (456) in pooled value (Table 2 ). This could be attributed with using both the seed rate @ 30 kg ha -1 and 20 cm row spacing and as a result of higher uptake and recovery of applied nutrients. It was noticed that more number of matured panicles m -2 was recorded with the treatment R 1 (20 cm row spacing), which reflected on the achieving maximum grain yield of aerobic rice. The treatment R 3 i.e. 30 cm row spacing recorded significantly less number of matured panicles m -2 (271) in pooled value (Table 1 ). The result is coincided with the results of Vijayakumar et al. (2004 ) and Kandil et al. (2010) and they reported that wider spacing or space allows the individuals plants to produce more tillers but it provides the smaller number of hills per unit area which results in low grain yield. Panicle weight: Regarding panicle weight, it was not significantly influenced by the levels of seed rate in pooled analysis (Table 1) . However, panicle weight was not significantly influenced by seed rate indicating this parameter was more or less stable under changing environment. But, the value of panicle weight was statistically significant by the different row spacing. The highest panicle weight (1.91g) was recorded with treatment R 3 (30 cm row spacing) and lowest value (1.54g) was obtained with 20 cm row spacing in pooled analysis (Table 1) . This might be due to closer spacing, which hampers intercultural operations and increases competition among the rice plants for nutri- ents, air, light and water; which results in weaker plants, reduced panicle weight and mutual shading thus favours more straw yield than grain yield. As we know that population pressure had a major effect on morphological and physiological characters as well as yield. Leaf area plant -1 was higher in wider spacing and lower in closer spacing. This might be due to limitation of light, nutrients and water in densely populated plants and vice-versa. As a results, higher value of panicle weight as well as leaf area were produced in lower population levels (wider spacing) which have the capacity to capture more sunlight because of less mutual shading effect among the leaves and less competition for nutrients in wider spacing. The result is coincided with the results of Faisul-ur-Rasool et al. (2013) and he reported the wider plant spacing significantly recorded higher panicle weight as compared to closer spacing. But highest number of effective tillers m -2 was recorded from 20 cm row spacing, which reflected on grain yield of aerobic rice. The result is in agreement with the findings of Kandil et al. (2010) and he reported that wider row spacing provides the higher value of panicle weight, but closer row spacing provides the higher number of effective tillers per unit area which results in higher grain yield. Grain yield: The treatment S 2 i.e. seed rate @ 30 kg ha -1 recorded highest gain yield (3.42 t ha -1 ) of rice [cv. Kshitish (IET 4094)] in aerobic situation in pooled analysis and similar trend was observed during both the years, though the yield increased with increase in seed rate upto 30 kg ha -1 (Table 3 ). Then yield decreased with increase in seed rate at 35 kg ha -1 and this might be due to higher plant population per unit area. Decreased in grain yield may be due to increase in competition among the rice plants for water, nutrients, air and light etc., which resulted in weaker plants and ultimately produced lower grain yield, when used the higher seed rate. The results are in agreement with the findings of Hari et al. (1997) , Rajendra and Veeraputhiran (1999) and they reported that low seed rate resulted high seeding quality and leaf area per plant.
Higher seeding rate (35 kg ha -1 ) is one approach that helps in increasing crop competitiveness against weeds. High seeding rate facilitate quick canopy closure, which helps suppress weeds more effectively. A despite improvement in weed management, higher seeding rate (35 kg ha -1 ) may exacerbate problems like lodging (Bond et al., 2005) , insect and diseases infestation (Tan et al., 2000) and rat damaged that harm the crop yield. Another reason is that high seed rate (35 kg ha -1 ) may bring about problem of mutual shading and intra-specific competition for below-ground resources. At low seeding rate (25 kg ha -1 ) rice crop plants take more time to close their canopy which encourages the weed growth. On the other hand, treatment S 2 i.e. seed rate @ 30 kg ha -1 (as medium seed rate) helps in suppression of weed population as well as produced maximum of number of matured panicles m -2 and highest value of panicle weight and ultimately produced highest grain yield (3.42 t ha -1 ) of aerobic rice. The results are in agreement with the findings of El-Kallawy (2002) who studied the effect of different seeding rates and found that low seed rate has significantly raised the seedling vigour where it gave the highest values of leaf area per plant and leaf number per stem. There was a remarkable difference in respect of yield and yield contributing characters due to spacing. Among the row spacing's treatments, treatment R 1 i.e. 20 cm row spacing recorded significantly higher grain yield (3.47, 3.45 and 3.46 t ha -1 during kharif 2011, kharif 2012 and pooled value, respectively) ( Table 3) . This might be due to better root growth and proliferation and also opportunity to extract water and nutrients both from larger soil profile area, which in turn must have improved synthesis and translocation of metabolites to various reproductive structures of rice plant and better distribution of it into grain would always results in higher grain yield. Another reason is that the maximum number of matured panicles m -2 was obtained from 20 cm row spacing. Higher grain yield was obtained from 20 cm apart row spacing due to increased number of effective tillers m -2 . Grain yield of aerobic K. Jana et al. / J. Appl. & Nat. Sci. 8 (4): 2164 -2169 (2008) who stated that the rice crop (cv. BRRI dhan 29) with 25 cm row spacing produced highest grain yield under aerobic system of cultivation. The results from the Table 4 revealed that rice crop sown in lines 20 cm apart with seed rate @ 30 kg ha -1 resulted in a saving of seed without any reduction in the grain yield compared to sown in lines 25 cm apart with seed rate @ 35 kg ha -1 . The results are in agreement with the findings reported by Singh et al., 2004 and he advocated that upland rice crop should be sown in lines at 20 cm apart in different parts of the India. The lowest grain yield (2.66 t ha -1 as pooled value) was obtained with the treatment R 3 (30 cm row spacing) in aerobic situation during both the years and in pooled analysis as wider plant spacing (30 cm row spacing) reduces grain yield per unit area. IRRI (1997) reported that improper spacing reduced yield up to 20-30%. On the other hand, optimum plant spacing ensures the plant to grow properly with their aerial and under-ground parts by utilizing more solar radiation and nutrients. The result is coincided with the results of Mohaddesi et al. (2011) and they reported that the optimum spacing ensures the plant to grow in their both aerial and underground parts through efficient utilization of solar radiation and nutrients. Plant spacing directly affect the normal physiological activities through intra-specific competition (Oad et al., 2001) . When the planting density exceed the optimum level, competition among plants for light above ground or for nutrients below ground becomes severe and consequently the growth slows down and the grain yield decreases. The treatment combination of S 2 (seed rate @ 30 kg ha -1 ) and R 1 (20 cm row spacing) recorded the highest grain yield (4.01 t ha -1 ) of aerobic rice (Table  4) . The results revealed that number of matured panicles m -2 and grain yield increased with row spacing of 20 cm apart and likely the highest grain yield was observed in row spacing of 20 cm apart due to superiority in yield contributing characters (Table 1) . The results are in agreement with the findings of Das et al. (1988) and he reported that closer spacing has been found to compensate the loss in yield due to greater number of plants and tiller population per unit area of land. The result is coincided with the results of Faisul-ur-Rasool et al. (2013) and reported that plant spacing caused the variation in yield parameter. The wider plant spacing significantly recorded higher panicle weight as compared to closer spacing. The wider spacing adopted more appears to be an advantageous for better development of panicles. However, the case was just reversed for number of effective tillers m -2 , being maximum under closer spacing and lowest under wider spacing. The possible reason may be the more number of plants with closer spacing than with wider spacing. The result is coincided with the results of Ather Nadeem et al.
(2004)_ and he reported that increase in grain yield can be ensured by maintaining appropriate plant population through different planting patterns and the suitable plant density is an effective factor on yield increases. The results are in agreement with the findings of Omina EL-Shayieb (2003) and he showed that narrow spacing gave the highest yield and yield components of rice cultivars compared with wider spacing.
Conclusion
The results of this experiment established that seed rate @ 30 kg ha -1 and 20 cm row spacing were promising for realizing best grain yield of aerobic rice in aerobic situation. The treatment combination of S 2 (seed rate @ 30 kg ha -1 ) and R 1 (20 cm row spacing) recorded the highest grain yield (4.01 t ha -1 ) of aerobic rice. From the present investigation, it may be concluded that the seed rate @ 30 kg ha -1 and 20 cm row spacing are suitable for obtaining highest grain yield of aerobic rice. In recent years, uneven distribution, erratic pattern and irregular rains due to climate change (global warming) has limited rice cultivation. Aerobic rice cultivation is a sustainable rice production methodology for immediate future to address water scarcity and environmental safety arising due to global warming. Aerobic rice is the rice for the future.
